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EFFECTS OF ACUTE AND CHRONIC HYPOHYDRATION ON 
I 
TOLJERANCE TO +cz ACCELFiATION IN MAN: 
11. IMPRESSIONS OF SUBJECTS 
By S. A .  Raymond, J. E. Greenleaf, and M. Matter, Jr. 
Ames Research Center 
The purpose of this paper w a s  t o  assess and summarize the  postcentrifuga- 
t i o n  comments of young m l e ,  water depleted subjects following +Gz 
t i on .  a sauna bath (acute 
group) and 48-hour water r e s t r i c t ion  (chronic group). 
3.4 percent of t h e i r  t o t a l  body weight and the chronic group, 3.8 percent. 
Blackout tolerances w e r e  measured following the two hypohydration (dehydratiod 
periods and a l so  during normohydration (ad l ibitum control)  at  an accelerat ion 
buildup of 3.7 G/min. The main conclusions based upon the  subjective comments 
w e r e :  
tolerance decrenents; (2) the  decreased tolerance i s  t raceable  t o  increased 
fatigue brought about by the w a t e r  def ic i t ;  (3)  l eg  pain and cardiovascular 
embarrassment during acceleration i s  increased with hypohydration; (4)  the pro- 
gressive lessening of the  l eg  pain with each succeeding run i s  p a r t i a l l y  
a t t r i bu tab le  t o  muscular e f f o r t .  Muscular e f f o r t  increases subjective to l e r -  
snce tz acceleration, often restor ing peripheral  or cen t ra l  vision; and ( 5 )  
subjective impressions of changes i n  tolerance only IzfrenqeEtly correspond t o  
ac tua l  performance records. 
accelera- 
Two methods of water depletion were u t i l i zed :  
The acute group l o s t  
(1) Moderate hypohydration, both chronic and acute, i s  associated with 
INTRODUCTION 
Although the  four astronauts who made o r b i t a l  f l i g h t s  i n  pro jec t  Mercury 
I had drinking w a t e r  avai lable  ad l ibitum for the duration of t h e i r  missions, 
they returned, without exception, with symptoms indicative of hypohydration 
(refs. 1-4). Hypohydration may be defined as a water d e f i c i t  and normohydra- 
t i o n  as the  subject ' s  normal ad l ibitum water balance ( r e f .  5 ) .  
dration i s  often associated with periods of s t r e s s ,  such as a t h l e t i c  contests  
(ref. 6) or deser t  hikes (ref. 7) ,  i t s  appearance i n  the o r b i t a l  f l i g h t s  of 
pro jec t  Mercury i s  not surprising. The f l i g h t s  required subs tan t ia l  a l e r tnes s  
f o r  an extended time, and heat s t r e s s  was frequently experienced. Although 
heat with accompanying hypohydration could be debi l i ta t ing ,  there  have been 
only two other s tudies  ( r e f s .  8 and 9 )  t o  our knowledge concerning the e f f e c t s  
acceleration. 
Since hypohy- 
1 
I 
I of hypohydration as it re l a t e s  t o  physiological s t r e s s  encountered during 
I 
The purpose of t h i s  paper w a s  t o  assess  the e f f ec t s  of acute 
l and chronic hypohydration on subjective tolerance t o  +Gz ac,celeration. 
PROCEDURE 
The experiments were performed with the  five-degree simulator a t  the Ames 
Research Center. Young male t e s t  p i l o t s ,  laboratory personnel, and college 
a th l e t e s  served as subjects.  
centrifuge experience ( tab le  I ) .  Each of the  13 subjects who completed the  
program underwent three experiments, N 1 ,  H2, and N3.  On the  t e s t  days each 
subject underwent four successive runs a t  an accelerat ion buildup of 3.7 G / m i n  
with a 1 t o  1-1/2 min r e s t  period between each run. Runs p r io r  t o  July 22 
terminated automatically once 6 G was a t ta ined .  Runs a f t e r  July 22 were main- 
ta ined a t  6 G u n t i l  t he  subject l o s t  cen t r a l  v i s ion  and terminated the  run 
himself. 
some l o s t  it a t  5 G or l e s s .  
Only 4 of the  18 o r ig ina l  subjects  had previous 
Not a l l  subjects re ta ined cen t r a l  v i s ion  u n t i l  t he  6-G peak s t r e s s ;  
TABLE I.- INDEX OF SUBJECTS 
Subject I Age 
JB 
RD 
DD 
J G  
FK 
DL 
WL 
JL 
MM 
J M  
co 
M P  
R P  
HY 
36 
25 
25 
31 
29 
22 
33 
22 
32 
25 
22 
22 
32 
27 
Oc cup a t  ion 
Prof e s sor 
P i l o t  
Student 
Sc ien t i s t  
Teacher 
Student 
Engine e r 
Student 
P i l o t  - 
Physician 
Student 
Student 
Student 
Phy s i c  ian  
P i l o t  
Centrifuge 
experience 
None 
Much 
None 
None 
None 
None 
Much 
None 
Much 
None 
None 
None 
Some 
Some 
Hyp ohy dr a t ion 
regimen 
Chronic 
None 
Chronic 
Chronic 
Chronic 
Chronic 
Acute 
Chronic 
Acute 
Acute 
Chronic 
Chronic 
Acute 
Acute 
The f i r s t  and t h i r d  experiments were completed while t he  subject w a s  
normohydrated; the  second w a s  t he  hypohydrated experiment. To a t t a i n  chronic 
hypohydration the subjects were l imited t o  Metrecal l iqu id  and wafers, 
2700 kca l  and 1048 cc of l iqu id ,  f o r  the  48 hours p r i o r  t o  the  run. 
hypohydration w a s  obtained i n  a sauna ba th  (50' t o  80° C f o r  3 t o  4 hours) .  
After leaving the  sauna bath the  subjects res ted  a t  l e a s t  1 hour before the  
r ide .  Eight subjects underwent chronic hypohydration and a t ta ined  an average 
body weight l o s s  of  3.8 percent.  
a t ta ined  a body weight l o s s  of 3.4 percent.  The physiological r e s u l t s  of the 
study w i l l  be reported i n  a companion paper ( r e f .  1 0 ) .  
Acute 
Five subjects used the  sauna bath and 
2 
MFTHODS 
Recording t h e  impressions of t he  subjects was begun July 16 a f t e r  11 runs 
Information gained from subjects had a t  that time already had been completed. 
prompted modifications i n  t h e  experimental procedure. 
cab slowly r a t h e r  than quickly t o  the upright pos i t ion  reduced nausea. 
t he r ,  what one subject mentioned often became p a r t  of t he  br ie f ing  f o r  another 
subject.  
subject underwent a period of interrogat ion following each run. 
For example, r o l l i n g  the  
Fur- 
Hence, from July 16 t o  the conclusion of t h e  study on t h e  31, each 
The impressions recorded during the  debriefing after a run were grouped 
i n t o  numbered categories  according t o  top ic .  
t h e i r  prerun condition and predic t  how it would a f f e c t  t h e i r  performance. 
These comments have been grouped under t h e  heading "Prerun." 
t a i n s  general  inpressions dealing with a subject '  s overa l l  fee l ing  (nausea, 
c r a p s ,  pains ,  e t c . ) .  
a given run compared t o  those i n  the  preceding runs. 
e f f e c t s  and kinds of muscular contractions and r e s i s t i v e  techniques used t o  
counter t h e  stress of accelerat ion.  Topic (4) contains comments on v isua l  sen- 
sat ions.  Topic ( 5 )  groups together any complaints about experimental procedure 
and equipment or  any e f f e c t s  t h e  subject a t t r ibu ted  t o  equipment and procedure. 
The impressions under t h e  heading "Comments" w e r e  volunteered by the  subjects.  
The subjects  would of ten describe 
Topic (1) con- 
Topic (2) contains impressions of e f f e c t s  noticed during 
Topic (3) concerns the  
The comments and impressions collected here w e r e  drawn from interviews 
following 32 of the  41; rum. 
vent a c o q l e t e  series of th ree  runs ( tab le  I). 
from 7 normohydrated (Nl) r-uis, 13 of 14 hypohydrated (E) runs, and 12 of 13 
normohydrated ( N 3 )  runs. H2c refers t o  the chronic (48 hoar) hypohydration 
group and H2a r e f e r s  t o  t h e  acute (sauna bath) group. 
out after t h e  f i rs t  run. O f  the 11 runs which took place before the  ins t iga-  
t i o n  of t h e  interviews on July 16, 10 were N1. 
ments following la ter  runs re fer red  t o  e a r l i e r  undocumented ones, t h i s  report  
a l s o  contains some information about runs p r i o r  t o  July 16. 
Thirteen of the 1 4  subjects interviewed under- 
This report  contains mater ia l  
Four subjects dropped 
However, since many of t he  COD- 
An evaluation of t h e  significance of many of t he  comments comprises the  
las t  por t ion  of t h i s  report .  
July 21, 1964 
JB - hT2c: 1.8-percent body weight loss .  
Prerun : 
The subject scraped up enough energy t o  say he f e l t  
'%blah" after 48-hour hypohydration. 
he might have benefited from a good workout during h i s  
per iod of hypohydration. 
Like MP, he said 
He noted a l i t t l e  nervousness, 
3 
. '  
but f e l t  that the  nervousness was overshadowed by a i 
feel ing of fa t igue :  "1'11 go t o  sleep on t h i s  thing." , 
Subject rode from 1520 t o  1529 hours. 
I 
I Debriefing : I 
1. The subject said he ac tua l ly  f e l t  b e t t e r  a f t e r  t h e  
r i d e  than before the  r i d e .  He experienced no headache. 
He reported t h a t  muscular contraction d i d  not prevent 
"s l ight"  pain,  probably from pooling of blood i n  h i s  
legs .  
decreasing i n  t h e  l a s t  th ree .  
The pain was grea tes t  during the  f i r s t  run, 
2. 
cen t ra l  v i s ion  (CV) disappeared completely. 
I n  comparison t o  the  N 1  experiment he noted t h a t  
3. The subject said that the  f lexing of t he  muscles i n  
h i s  legs  and abdomen increased h i s  tolerance,  and 
"helped t o  wake him up." Although per iphera l  vis ion 
(PV) would come back once l o s t ,  he d i d  not a t t r i b u t e  
t h i s  t o  increased f lexing of t he  muscles, but  t o  
''concentration. 
4.  PV l o s s  always preceded CV l o s s  f o r  the subject.  
CV disappeared completely t h i s  time; on the  preceding 
normohydrated runs an "afterimage" had pers i s ted .  He 
reported t h a t  the cen t r a l  l i g h t  became a core, l i k e  a 
glowing quarter,  which began t o  "hop around'' and f i n a l l y  
disappeared. He noticed t h a t  t he  l i g h t s  d i d  not f l i c k e r  
near 6 G bu t  appeared continuous. H i s  opinion of t he  
time between h i s  PV mark and the  l o s s  of CV w a s  about 
30 seconds. 
5 .  The subject thr ived i n  the  cockpit; t he  runs 
appeared t o  generate no discomfort. 
Comments : 
The subject s ta ted t h a t  he would not drink u n t i l  after he swam i n  order 
t o  t es t  the  e f f e c t  of immersion i n  water on h i s  t h i r s t  sensations.  He an t ic -  
ipated a reduction i n  t h i r s t  while i n  the  water and a resumption of it, 
equally as severe as before, when he emerged. 
expectations. (Reported July 28, 1964) 
The above attempt f u l f i l l e d  h i s  
July 28, 1964 
JB - N 3  
Prerun : 
4 
The subject f e l t  qui te  a t  ease.  
Subject rode from 
Debriefing : 
1515 t o  1530 hours. 
11 1. The subject s ta ted  t h a t  he fe l t  "woozy, especial ly  
a f t e r  the run. 
2. No canrment. 
3 .  No comment. 
4.  The sLibject noticed complete l o s s  of CV. A f t e r  the  
disappearance of cent ra l  l i gh t  he s a w  a "grid of l i g h t  
l i nes ,  no colors." He would lose PV " a l l  a t  once," but 
would be unconscious of i t s  disappearance were it not 
f o r  the  stimulus afforded by the  resu l tan t  change i n  
the  CV. After the  cent ra l  l i gh t  became a core of l i g h t ,  
he noticed that the PV was l o s t .  The t o t a l  darkness 
which he noted a f t e r  blackout when hypohydrated differed 
from the  g r id  of l i nes  which he noticed during t h i s  run. 
5.  
Comments : 
??le sl&ject 
be too d i f f i c u l t  
July 22, 1964 
RD-m 
Prerun: 
No comment. 
detected f l i c k e r  fusion eas i ly .  
t o  mark both loss  and fusion f o r  PV and CV. 
He thought that it would not 
Beginning with t h i s  experiment, t he  runs dur ing  future  
experiments did not terminate a t  the  moment 6 G was 
reached. Acceleration w a s  maintained a t  6 G u n t i l  the  
subject terminated the  run. RD i s  a p i l o t ,  and seemed 
unconcerned about the  run. 
July 22 or  l a t e r  followed the above procedure f o r  
termination of a run. 
Any experiment dated 
Subject rode from 1030 t o  1048 hours. 
Debriefing : 
1. 
three  runs he f e l t  a s  if  he were lying on h i s  back 
when the machine stopped. Also, he experienced some 
ver t igo  when he climbed from the cockpit a t  the t e r -  
mination of t he  fourth run. 
The subject f e l t  t i r ed .  A t  the end of t he  l a s t  
5 
* I  
i 2.  No previous run. 
3. The subject relaxed u n t i l  a f t e r  4 G. To combat 
t he  e f f ec t s  of higher G s t r e s s  he would tttucklt h i s  
chin and attempt t o  "stand on h i s  f ee t . "  Muscular 
e f f o r t  t i r e d  him out,  and w a s  ineffect ive i n  bring- 
ing PV back once it had vanished. 
4.  When PV w a s  l o s t  it disappeared from t h e  l e f t  
side f i r s t .  CV and PV l o s s  were two d iscre te  events. 
He had no trouble discerning them. 
5. The subject f e l t  it would be eas ie r  t o  put  on 
one's shoes without the  harness f o r  the  EKG. He 
advised t h a t  shoes be replaced before f ix ing  the  
harness. 
Comments : 
The subject looked a t  the  lower, dimly illuminated numbered d i a l  u n t i l  he 
noticed the l o s s  of PV. He then s t ra ined t o  look up t o  the  cen t r a l  l i g h t .  
This was the  f i r s t  and l a s t  experiment f o r  t h i s  subject .  
July 24, 1964 
DD - H2c: 5.0-percent body weight loss .  
Prerun: 
The subject w a s  apprehensive due t o  the  e f f ec t s  of 
hypohydration and the  memory of the discomforts 
experienced during h i s  normohydration runs.  Hypo- 
hydration broke the  willpower of t h i s  subject.  He 
reported t h a t  he l'couldn't take it." 
Subject rode from 1336 t o  1345 hours. 
Debriefing: 
1. The subject experienced s l igh t  nausea on t h e  
f i r s t  run "due t o  nervousness." He s ta ted  t h a t  he 
f e l t  f i ne  during the  las t  th ree  and ac tua l ly  
enjoyed himself. 
t h e  f i r s t  t r i p ,  he f e l t  t h a t  passive t i l t i n g  under 
1-G s t r e s s  on a tilt t ab le  resu l ted  i n  more pain.  
He became very t i r e d  a f t e r  h i s  a l l -ou t  e f f o r t  i n  
t h e  f i r s t  run. Yet he seemed i n  excel lent  physical  
condition, t o  which he credi ted h i s  increasing 
tolerance during the  las t  three runs. He w a s  t i r e d  
during the  second run, but f e l t  b e t t e r  on the  next 
two. 
Although h i s  legs  hurt  most on 
. 
6 
2. 
preceding one. 
which did not push on his head as  it had previously, 
was t h e  key t o  h i s  comfort. It w a s  apparent t h a t  he 
w a s  e la ted  with the  successful completion of t he  four 
runs. 
This experiment w a s  en t i r e ly  d i f f e ren t  from his 
He thought t h a t  the f i t  of the helmet, 
3. Although swelling i n  h i s  legs pers i s ted ,  t h e  sub- 
j e c t  w a s  ab le  t o  reduce discomfort by muscular e f f o r t .  
4. The subject f e l t  no vagueness i n  t h e  lo s s  of PV 
and CV. He ca l led  h i s  s ignals  ' 'definite markings of 
de f in i t e  events." H i s  CV loss  ended i n  t o t a l  black- 
ness which was preceded by the  disappearance of an 
"orange core." 
accompanied h i s  PV l o s s .  
occurred a t  a de f in i t e  time, and would not be too 
d i f f i c u l t  t o  mark. His visual  l o s s  of t he  cen t r a l  
l i g h t  occurred simultaneously with a switch from a 
white t o  an orange core of l i gh t .  Fl icker  fusion of 
t h e  cen t r a l  l i g h t  became a white core. 
No colorat ion of the  per ipheral  l i g h t  
He f e l t  t h a t  f l i c k e r  fusion 
5 .  The subject w a s  g ra t e fu l  f o r  t he  change i n  the  
f i t  of the helmet. 
Comments : 
The subject experienced dizziness when he stood t o  climb from the  cab. 
July 31, 1964 
DD - N3 
Prerun: 
The subject s a i d  he f e l t  very relaxed and comf'ort- 
able  but  not lazy or bored. 
Subject rode from 1315 t o  1332 hours. 
Debriefing : 
1. 
f i rs t  run. He f e l t  considerable leg  pain during 
the  f i rs t  run but none during the  l as t  three. He 
explained the  s i t ua t ion  by s t a t ing  that the  f irst  
run 
three . '' 
The subject experienced no nausea a f t e r  t he  
11 ge t s  everything stretched out f o r  t he  l a s t  
2. 
t i on"  more than he d id  when he w a s  hypohydrated, 
The subject s ta ted  tha t  he "felt  t h e  accelera- 
7 
par t i cu la r ly  on the  f irst  run. 
time lapse between the  lo s s  of PV and t h e  loss  of CV 
was shorter t h i s  day than it had been when he w a s  
hy-pohydrated. 
He a l s o  f e l t  t h a t  t he  
3. He exerted muscular e f f o r t  even a f t e r  he terminated 
a run, saying t h i s  was necessary or "it w i l l  ge t  you 
going down." 
e f f o r t ,  but remained blank u n t i l  deceleration w a s  i n  
progress.  
H i s  v is ion d i d  not r e tu rn  with muscular 
4 .  Vision losses  were not c lear  t h i s  time. Although 
CV and PV losses  were permanent, t he  exact i n s t an t  of 
t h e i r  occurrence w a s  not d i s t i n c t .  PV and CV losses  
obscured one another fo r  t he  subject because they 
occurred so  close together.  
5. DD f e l t  cramped by the  weight of t he  helmet on h i s  
head, and stated t h a t  it forced him t o  s i t  i n  an odd 
and awkward posi t ion.  He considered it a severe 
problem. 
Comments : 
DD paid close a t ten t ion  during the  experiment. He was a keen observer. 
He commented t h a t  each run introduced him t o  new experiences and t o  new obser- 
vations.  
between the runs. 
Subjectively, he f e l t  that there  w a s  a grea t  deal  of v a r i a b i l i t y  
July 16, 1964 
J G  - H2c: 4.3-percent body weight loss .  
Prerun: 
Subject appeared ag i ta ted ,  giddy. 
l i k e  a drunk." 
Talking was d i f f i c u l t ,  and the  subject was hoarse. 
He s a i d  he "talked 
He was eager t o  "get it over with." 
Subject rode from 1346 t o  1405 hours. 
Debriefing : 
1. The subject ' s  general  fee l ing  about the  experiment 
w a s  t h a t  it was "fine." There was no suggestion of 
nausea, although he experienced considerable leg  pain 
on the  f i r s t  run. 
2. 
''country club." 
vious runs took place before modification of t he  f a s t  
I n  comparison with previous experiments t h i s  was 
He reca l led ,  however, t h a t  h i s  pre- 
8 
rollback of th cab. 
afforded by blowers added t o  his cmrfort. 
Further, additional cooling 
3. 
avoid pain i n  the calves of the legs, he "clamped" 
his leg muscles t o  75-percent capacity under 3 G. 
Above 3 G he clamped his leg muscles t o  full capacity. 
He relaxed this clamping between runs) but did not t r y  
t o  relax and t ighten up while under G stress. 
w a s  no wpumping" action. 
To delay blackout as long as possible and t o  
There 
4. 
f e l t  this occurred earlier on his th i rd  run. 
The subject mentioned a clear-cut loss  of CV; he 
5. 
cockpit due t o  equipment or procedure. 
No canplaints were made about discmrfort i n  the 
Corrmaent s : 
The subject advised that keeping one's eyes closed between runs and before 
the 13-second warning helps one t o  relax and t o  avoid nausea. 
In the =-hour after the run the subject consumed a l i ter  of water i n  
He no longer fe l t  thirs ty .  two d r a f t s .  
Prerun: 
The subject appeared t ired.  
w a s  wiped out fran painting the garage." He waited 
45 minutes i n  the cab for  the changing of a meter. 
During that time he almost went t o  sleep. 
be supposed, the subject showed no nervousness or  
excitement. 
As he explained it, he " 
As might 
Subject rode f r a m  1038 t o  1048 hours. 
Debriefing : 
1. The subject considered the maintained G stress 
a t  peak G responsible f o r  increased fatigue. He said 
that endeavoring t o  hold out as long a s  possible on 
the first run would inhibit one's performance on suc- 
ceeding runs. A t  the finish of a run he f e l t  as if 
he were tmibling. 
no nausea. 
This was a new feeling and produced 
9 
I 
. 
2. 
of the  f i rs t  run. This contrasted with the  complete 
lack of sweating t h a t  w a s  noted when the  subject was 
hypohydrated. 
Excessive persp i ra t ion  followed the  termination 
3. Although he experienced muscular fa t igue  on the  
l a s t  runs as a r e s u l t  of h i s  a l l -ou t  e f f o r t  during 
the  f i r s t ,  t he  subject w a s  not as conscious of black- 
out sensations on these runs.  On the  f i rs t  run he 
s ta ted  t h a t  t he  disappearance of CV w a s  marked with 
orange and yellow dots i n  the  f i e l d  of vis ion.  He 
described them as "gold skews on black." 
4 .  Vision losses  a l s o  d i f fe red  on the  f i r s t  run. 
With muscular e f f o r t  the subject f e l t  t h a t  he w a s  
able t o  regain per ipheral  vis ion and t o  lose it again 
almost a t  w i l l .  During the  l a s t  th ree  runs PV and CV 
losses  were more def in i te  and f i n a l .  
5 .  The subject noted t h a t  h i s  sea t  w a s  a t  a d i f fe ren t  
angle than it w a s  on e i t h e r  of h i s  f i r s t  two experi- 
ments. He advised t h a t  t h e  seat  pos i t ion  be s e t  t o  a 
person's l ik ing  on the  f i r s t  r ide ,  and t h a t  a l l  follow- 
ing r ides  be conducted with the  sea t  i n  t h a t  same 
pos i t  ion. 
Comments : 
The subject commented on excessive phlegm i n  the th roa t .  This w a s  marked 
by a good deal of coughing i n  t he  cab. 
July 21, 1964 
FK - N1 
Prerun: 
The subje t ras br ie fed  a t  1220. He appeared calm 
and relaxed. 
Subject rode from 1308 t o  1324 hours. 
Debriefing: 
1. I n  retrospect  t he  subject said he f e l t  f i n e .  He 
noticed nei ther  fa t igue  nor nausea. He could f e e l  a 
"pooling of blood i n  calves and fee t . "  He would not 
t e r m  t h e  sensation as one of "t ingling," but  described 
it as  "a load dropped i n t o  the  legs." The contraction 
of the  legs  a l lev ia ted  any discomfort. 
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2. No previous experiment. 
3. A t  blackout the  subject f e l t  there  w a s  an after- 
image. He was releasing the  switch before losing t h e  
e n t i r e  out l ine of t h e  center l i gh t .  
4. 
w a s  l o s t  much e a r l i e r  than CV. Once he l o s t  P V  he 
could br ing  it back by increasing h i s  muscular e f f o r t .  
The f irst  lo s s  of P V  was clear-cut. 
PV and CV losses  were far apart; he f e l t  that PV 
5 .  The subject complained about nothing. Although 
t h e  helmet would push downward on h i s  head, he w a s  
able t o  push it up again without undue discomfort. 
Comments : 
The subject d id  not notice the  dimly illuminated lower d i a l ,  and had no 
t rouble  concentrating on t h e  cen t r a l  l i g h t .  
He noticed t h a t  h i s  eyes watered f o r  the l a s t  p a r t  of t he  second run. 
Due t o  an oversight i n  t h e  br ie f ing ,  he had no idea t h a t  he w a s  t o  make 
four  runs. He w a s ,  i n  f a c t ,  surprised t o  learn  t h a t  t he  experiment did not 
terminate a t  the  end of h i s  first run. 
July 24, 1964 
Fic - F2c: 6.8-percent body weight l o s s .  
Prerun: 
The s d j e c t  had t o  apologize for  an argument with h i s  
switchboard operator. He was i r r i t a b l e  and t ac i tu rn .  
He had wai ted about 2 hours i n  addi t ion t o  h i s  48 
before he w a s  able t o  r ide .  He had a s l i g h t  head and 
temple ache, and complained of a pain behind h i s  eyes. 
The l e f t  eye w a s  very bloodshot. 
Subject rode from 1530 t o  1543 hours. 
Debriefing: 
1. The subject s t a t ed  t h a t  he w a s  "good and t i r e d "  
j u s t  previous t o  the  t h i r d  run. 
t h a t  he was more t i r e d  t h a n  he w a s  following his normo- 
hydrated runs. He experienced no pa in  i n  his  l e f t  leg,  
but complained t h a t  h i s  back and r i g h t  leg  f e l t  painful ,  
pa r t i cu la r ly  on the first run. He sweated more than he 
d id  when normohydrated. 
A f t e r  t he  run he fe l t  
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2. Subjectively, FK did not f e e l  that there  w a s  a 
s ign i f icant  decrement i n  h i s  performance due t o  hypo- 
hydration ( there  w a s  none - ref. 10). 
he had t o  work harder t o  achieve the  same l e v e l  of 
tolerance.  
He f e l t  that 
3. The subject noted that relaxing a f t e r  re leasing 
the  switch could lead t o  blackout. He reported d is -  
appearance of a yellow dot afterimage of the  cen t r a l  
l i g h t  immediately a f t e r  re laxa t ion  while s t i l l  under 
G s t r e s s .  
s t r e s s  lessened. 
The yellow dot faded i n  again as the  G 
4. The subject described the  lo s s  of CV as a fading 
t o  gray followed by a disappearance of the  core of 
l i g h t  i n  a gray f i e l d .  What remained w a s  a gray and 
white ''star e f fec t . "  He noted that once the  PV d is -  
appeared and the  cen t r a l  l i g h t  became a core, t he  
core ceased t o  f l i c k e r  and became a steady l i g h t .  
5 .  The subject noted t h a t  he had tears i n  h i s  eyes 
due t o  a i r  blowing on h i s  face.  
Comments : 
On July 31, when FK returned f o r  h i s  f inal  normohydrated experiment, he 
commented about h i s  hypohydration and i t s  l a s t i n g  e f f ec t s .  He sa id  a "knot" 
the s i ze  of a walnut developed i n  h i s  l eg  and pers i s ted  f o r  th ree  days a f t e r  
the  run. He said that it took a week f o r  h i s  s too l  t o  become so l id  a f t e r  hypo- 
hydration ended. He could not control  h i s  eye movements very well .  
FK - N3 
Prerun : 
No comment. 
Subject rode from 1445 t o  1502 hours. 
Debriefing : 
1. Although the  subject experienced s l i g h t  sensa- 
t i o n s  of nausea on h i s  f i r s t  run, he considered t h i s  
day t o  be the bes t  of the  three  experiments. He had 
f e l t  no l eg  pain on the  first run. 
2. The subject s t a t ed  t h a t  he never f e l t  close t o  
losing consciousness during t h i s  experiment. 
f e l t  very close t o  losing it when he w a s  hypohydrated. 
He had 
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3. No comment. 
4. The subject detected definite PV and CV fusion. 
He f e l t  t h a t  PV remained longer than it had on pre- 
vious runs w i t h  the  consequence t h a t  the time lapse 
between PV l o s s  and CV loss  was shortened. The sub- 
j e c t  described blackout as a s t a t i c  gray pa t te rn  
w i t h  no stars ,  no sensations of motion, and no color.  
5 .  No comment. 
Comments : 
The subject f e l t  t h a t  t he  panel holding t h e  cen t r a l  l i g h t  always appeared 
I t ' s  like you were a t  the  bottom of a r o l l e r  coaster 11 t o  be r i s ing .  He said: 
dip and the car i n  f ron t  of you w a s  on the way up - only it stays like t h a t .  
You don't r e a l l y  go up; you ju s t  think the panel i s  r i s ing ."  
A t  the  end of h i s  'hypohydrated run, FK w a s  given a beaker of cold water. 
It was in te res t ing  t o  note t h a t  
w a s  Dr. Greenleaf who had given 
he thanked Mrs. Douglas f o r  it even though it 
him the  beaker. 
July 17, 1964 
DL - N l  
Prerun: 
The subject received l i t t l e  briefing; most of it 
was done i n  the cockpit., He observed no run pre- 
vious t o  his  own. During the run h i s  eyes would 
continuously swing peripherally. Instruct ion t o  
keep his eyes s t ra ight  ahead w a s  given. 
Subject rode from 1436 t o  1458 hours. 
Debriefing : 
1. The subject experienced no nausea. Since he 
relaxed after the  f irst  run, runs two and th ree  
found him less able t o  to le ra te  G stress. A t  no 
t i m e  w a s  CV l o s s  def ini te ;  h i s  legs  and f e e t  
"tingled . 
2. No previous experiment. 
3. Subject consciously worked t o  delay blackout. 
4. O n l y  on the  fourth run d i d  he have a complete, 
clear-cut l o s s  of PV. The mark f o r  CV l o s s  on the 
t h i r d  run was accidental. When PV would begin t o  
disappear, it would begin e a r l i e r  on t h e  l e f t  s ide.  
The l e f t  side l o s t  PV before the  r i g h t .  
5 .  The subject noticed no helmet pressure.  He did 
not f e e l  that equipment or procedure caused him 
discomfort. 
Comments : 
The subject noticed t h a t  near maximum accelerat ion it was somewhat eas i e r  
fo r  him t o  see the  dimly illuminated number d i a l  d i r ec t ly  below the  cen t r a l  
l i g h t  than it w a s  t o  see the  cen t r a l  l i g h t  i t s e l f .  
Again, because he did not re lax  between runs, t he  gr ip  on the  t r i gge r  
t i r e d  his arm. Other than maintaining a gr ip  on the  switch, he made no muscu- 
l a r  e f fo r t  between runs. 
July 22, 1964 
DL - H2c: 3.8-percent body weight l o s s  
Prerun : 
No comments. 
Subject rode from 1330 t o  1350 hours. 
Debriefing : 
1. If the  subject waited a f t e r  sensing the  rush of 
blood t o  the  legs ,  he could not prevent pain i n  the  
legs  by muscular contraction. It was necessary t o  
begin contractions with the  f i r s t  notice of swelling 
i n  the calves. 
2. The subject f e l t  he worked harder during t h i s  
r i de  than previously, and he was more t i r e d .  H i s  
PV l o s s  w a s  c learer  than it had been during h i s  
normohydrated runs.  
3. The subject found hyperventilation helped delay 
blackout. After the i n i t i a l  mark f o r  PV l o s s ,  t h e  
subject could regain PV by contracting muscles i n  
h i s  legs .  He f e l t  t h a t  maintaining the  accelerat ion 
a t  6 G t i r e d  him out.  
4 .  The subject would terminate the  run j u s t  as CV 
began t o  fade - a t  the  same point  he terminated on 
the  preceding run when normohydrated. 
completely blacked out.  He f e l t  t h a t  PV l o s s  pre- 
ceded CV l o s s  by a long time. 
He never 
5. No comment. 
Comments : 
The subject f e l t  excessively fatigued beginning 1 hour a f t e r  he had 
f inished h i s  H2 r ide .  
July 29, 1964 
DL - N3 
Prerun : 
The subject explained t h a t  he was not "keyed up" 
f o r  th is  run. 
ob serving. 
He was relaxed, not preparing, but 
Subject rode from 1345 t o  1400 hours. 
Debriefing : 
1. The subject s ta ted t h a t  he w a s  t i r e d .  He f e l t  
b e t t e r  when he was hypohydrated. 
2. He maintained t h a t  after PV los s  CV would fade 
out much sooner than  it d i d  during his hypohydrated 
run. During the lat ter run he could detect  the  
cent ra l  l l gh t  2s a bright  core long a f t e r  his PV 
had disappeared. 
3. DL s ta ted  t h a t  he t i r e d  himself out on the  f irst  
run. This l e f t  him with l e s s  endurance t o  continue 
muscular work during the l a s t  three.  
4. 
l o s s .  His C V l o s s  was complete; PVloss  was vague 
and preceded CV loss 'by no more than 3 seconds. 
He noted a short time lag between PV l o s s  and CV 
11 
5 .  No comment. 
Comments : 
The buildup of emotional tension before an experiment may have a great  
deal t o  do with one's performance. 
was not 
The subject ' s  opinion was t h a t  because he 
'I keyed up" h i s  tolerance was lower. 
July 20, 1964 
WL - €Pa: 4.0-percent body weight loss 
Prerun : 
The subject spent about 2 hours i n  t h e  sauna bath.  
Subject rode from 1525 t o  1540 hours. 
Debriefing : 
1. Although t h e  subject experienced no nausea, he 
s ta ted  that he f e l t  "punk." 
2. I n  comparison with h i s  previous r ide  the  subject 
said he had l e s s  tolerance than before:  "I could 
t e l l .  
15 sec - r e f .  10). 
11 (He ac tua l ly  had more tolerance by 10 t o  
3 .  The blackout was complete. He described a 
black background with gold, squiggly f lashes ."  11 
4. 
between the  l o s s  of PV and the  t o t a l ,  c lear-cut  
loss  of CV. He said t h a t  t he  CV loss  occurred j u s t  
a s  the machine terminated the  f i r s t  two runs, and 
that h i s  tolerance on the  l a s t  two runs dropped 
considerably, a t  l e a s t  enough t o  make him f e e l  t h a t  
he and not the machine program terminated the  run. 
The subject f e l t  t h a t  there  were about 15 sec 
5. The helmet, pushing on h i s  head, forced him t o  
hold h i s  head a t  an uncomfortable angle. 
Comments : 
The blackout sensation described above was not noticed during the  
subject ' s  normohydrated run. 
July 27, 1964 
WL - N3 
Prerun: 
It appeared t h a t  the  subject was qui te  accustomed 
t o  t h e  procedure. 
about t he  run. 
He was not groggy or worried 
Subject rode from 1105 t o  1118 hours. 
Debriefing : 
1. On nei ther  the  l a s t  experiment (H2) nor on 
th i s  one did the  subject f e e l  excessively fat igued.  
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2. 
fe l t  there was less "psychological change" between 
the feeling before the run and the feeling once the 
run was over. This t h i r d  experience did not worry 
him as  much beforehand nor was he especially relieved 
when it ended. 
I n  camparison t o  his l a s t  experhent the subject 
3. The mibject thought tha t  his visual tolerance was 
higher during this experiment than on both of the pre- 
ceding t r i a l s .  (That was the case -ref. 10.) 
4. 
much the same as i n  the original normohydrated condi- 
t ion (lower i n  N3 than R1 - ref. 10) . 
f i e l d  of vision after blackaut was "black with streaks 
of lightning" when the subject was fiypohydrated, the 
flashes did not appear when he was normohydrated; 
everything w a s  streaJsy gray. 
According t o  the mibject, CV loss during IQ was 
Although the 
5.  No comment. 
Camment s : 
The subject advised tha t  experience had a great deal of effect  on his 
att i tude and on his opinion of his performance. 
July 16, 1964 
J L - M  
Prerun: 
The subject s e e d  a l i t t l e  worried and frightened. 
He had no history of nausea. 
ear l ie r  run today, he was told t o  save his energy 
unt i l  beyond 3 G. He was also instructed t o  dis- 
regard the peripheral lights. 
A s  a resul t  of an 
Subject rode from 1514 t o  1540 hums. 
Debriefing : 
1. 
He felt  h i s  stomach "caning up - right up the 
middle." 
t o  prerun nervousness. 
run was his most canfortable and was marked by a 
canplete absence of stomach rise." 
The subject experienced nausea during the runs. 
He f e l t  this sensation was due, i n  part ,  
He stated. tha t  the fourth 
n 
2. No previous experiment. 
-. 
3. Thinking t o  delay blackout, the  subject hyper- 
vent i la ted f o r  t h e  f i rs t  three  runs.  
t h i s  he f e l t  w a s  "possibly the  reason he f e l t  b e t t e r  
a t  the  end of t he  fourth run." 
Ceasing t o  do 
4. The subject was uncertain about t he  l o s s  of PV. 
He thought it may have been obscured by the  CV l o s s  
t h a t  c losely followed it. He estimated the  t i m e  
between the l o s s  of PV and l o s s  of CV t o  be about 
2 sec.  The ac tua l  i n t e rva l  was about 10 sec. 
5 .  The subject noticed a downward pressure from the  
helmet. This pressure w a s  uncomfortable and could 
not be a l lev ia ted  by straightening h i s  back and 
r a i s ing  h i s  head. 
Comments : 
The subject f e l t  things would be d i f fe ren t  i f  he were more famil iar  with 
the  controls,  with the  experimental procedure, and with the  operation of the  
equipment. 
Once i n  the  cab the  subject found it progressively eas ie r  t o  re lax .  
July 22, 1964 
JL - H2c: 3.3-percent body weight l o s s  
Prerun : 
JL had undergone 48 hours of hypohydration. 
t h i s  time he had consumed only 1 box of Metrecal 
cookies and 4 cans of Metrecal f l u i d .  He w a s  t he  
t h i r d  man t o  crave steak and potatoes; both U and 
CO had expressed a similar preference fo r  food 
instead of water. Unlike the  others,  he f e l t  t h a t  
the second day of hypohydration w a s  the  hardest .  
He had had 5 s t i cks  of Juicy F ru i t  gum against  our 
orders. 
During 
Subject rode from 1507 t o  1525 hours. 
Debriefing : 
1. Although he expended "good muscle e f for t , "  t he  
subject reported t h a t  he was l e s s  t i r e d  and f e l t  
b e t t e r  than he did the  l a s t  time. He did not f e e l  
t h a t  each run w a s  as long or  a s  s t r e s s f u l  as were 
those during h i s  normohydrated run.  ( A l l  were 10 
t o  20 sec longer i n  H2 compared with N1 - ref .  10.)  
He experienced ver t igo  climbing from the  cab. 
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2. He had no sensation of nausea, and was convinced 
t h a t  his previous experience was the  r e s u l t  of ner- 
vousness and naive&, not mechanics. 
3 .  A f t e r  the  first run? i n  which he experienced leg  
pain,  the  subject was t o l d  t o  contract h i s  leg muscles. 
By the  t h i r d  run the  subject was t i r e d ,  but the leg  
pain had disappeared. His f ee t  f e l t  a s  i f  they were 
I1 asleep. 0 
4. "he subject experienced clear-cut CV loss.  He 
said t h a t  the l i g h t  turned yellow just before black- 
out. He noticed t h a t  the  central  l i g h t  fused, but 
he d id  not mark it. He said tha t  "a yellow cloud 
developed a black fringe and dulled out," then he 
would stop the run. It appeared t o  him t h a t  P V  was 
b e t t e r  on the r igh t .  He experienced a clear-cut l o s s  
of PV. 
5.  He d i d  not f e e l  helmet discomfort during t h i s  
experiment. 
Comments : 
None 
J d y  29, 1964 
Pre run : 
No comment. 
Subject rode from 1435 t o  1448 hours. 
Debriefing : 
1. JL t ired himself on the  f i rs t  run. He had no 
reserve strength t o  delay blackout f o r  the last  
three  runs. 
2. He f e l t  he d i d  bes t  on the normohydrated run 
today (run 1: H2 - 69.5 sec, N3 - 130.5 sec - 
r e f .  10). 
of nervous tension and buildup which DL and CO 
mentioned. 
He d i d  not experience the  complete lack 
3. No comment. 
4.  No comment. 
5.  No comment. 
Comments : 
None 
July 23, 1964 
MM - S a :  3.6-percent body weight loss 
Prerun: 
The subject l o s t  1.6 kg i n  the  sauna bath.  
intended t o  mark every loss  of PV i n  order t o  ge t  
a more def in i te  impression of the e f f ec t s  of mus- 
cular techniques. 
He 
Subject rode from 139 t o  1417 hours. 
Debriefing : 
1. The subject noted marked leg  pain especial ly  
on the  f i r s t  run. He terminated the  run because of 
fa t igue and pain, not because of CV loss. Although 
extremely t i r e d  a f t e r  the  e f f o r t  expended f o r  the  
f i r s t  run, the subject thought h i s  successive runs 
were not unduly affected since he was able t o  r e s t  
while a footboard was repaired i n  the  cab after h i s  
f i r s t  run (run times were 167.0, 113.0, 102.0, and 
98.5 sec - r e f .  10). 
2. The subject marked f l i c k e r  fusion i n  the CV 
l i g h t .  
hypohydrated experiment. 
from the  cab. 
He was not as t h i r s t y  a s  he was on the  f i r s t  
He was not dizzy climbing 
3 .  
l eg  pain. 
4. 
mature i n  signaling the  disappearance of CV. He 
experienced a complete disappearance of PV, but 
reported that the  core of t he  cen t r a l  l i g h t  pers is ted 
beyond h i s  endurance t o  the physical s t r a i n  of the 
f irst  run. 
sidered h i s  CV l o s t .  
A f t e r  the  first run, muscular e f f o r t  reduced 
- _  .The subject f e l t  t h a t  other subjects were pre- 
His PV was l o s t  a long time before he con- 
5 .  The first run resul ted i n  an equipment f a i lu re ;  
the  support from under the  l e f t  foot  f e l l  away. 
20 
Comments : 
The subject described the  approach of pain i n  the legs  as a "tingling t o  
!I the  toes followed by pain.  
MM - N3 
Prerun: 
MM admitted that he did not have the energy o r  
i n t e r e s t  t o  bui ld  LIP fo r  t h i s  run. 
Subject rode from 1016 t o  1032 hours. 
Debriefing : 
1. The subject stated that his  tolerance was lower 
than i n  previous runs (run times - 126.0, 116.0, 
100.5, 85.0 sec - ref. 10) and the motions seemed 
harder t o  go through. He was t i r ed ;  j u s t  before 
the  last run he yawned phlegmatically. He seemed 
bored even i n  the cab. 
first run. 
Leg pain was severe on the 
2. 
t h i s  experiment which he had shown during his pre- 
vious ones. 
He was unable t o  develop the  i n t e r e s t  during 
3 .  
PV, CV, and f l i cke r .  
Ikscular  techniques could be employed t o  res tore  
4. 
He could res tore  e i t h e r  PV or  CV at will. b s s  of 
CV w a s  marked by a f i e l d  of vis ion which contained 
no cent ra l  l i gh t .  The background w a s  colored dark 
blue and green and covered with red spots. 
The subject 's  vis ion losses were not clear-cut.  
5. No comment. 
Comments : 
The subject f e l t  that "motivation was the key." 
physiology appears t o  have a l o t  t o  do with performance." 
erance tests which u t i l i ze  PV and CV losses may tes t  motivation and strength 
more e f fec t ive ly  than G tolerance.  
He stated: "Daily 
Centrifugation tol-  
Flicker fusion a l so  seemed t o  have a rb i t r a ry  limits. There was no defi-  
n i t e  mark possible f o r  the precise  instant t h a t  f l i c k e r  fusion occurred. 
July 23, 1964 
JM - N1 
Prerun : 
The subject w a s  anxious; he thought h i s  PV on t h e  l e f t  
side would disappear f i rs t  since h i s  l e f t  eye w a s  
weaker. 
Subject rode from 1528 t o  1541 hours. 
Debriefing : 
1. The subject experienced nausea during the  f i rs t  run. 
A t  t he  termination of the f i r s t  two runs the  subject 
experienced a sensation of being "on h i s  back looking 
up." 
he noted no ver t igo o r  nausea a t  t h e  end of t he  
experiment. 
He f e l t  no leg discomfort, he w a s  not t i r e d ,  and 
2. No previous experiment. 
3. 
CV. 
Muscular contraction would br ing back both PV and 
The subject f e l t  that PV remained a f t e r  CV w a s  l o s t .  
4. 
He reported t h a t  he could see blue l i g h t s  on each side 
a f t e r  the  disappearance of the  cen t r a l  l i g h t .  Even a f t e r  
the cen t r a l  l i g h t  became dark, he reported t h a t  he could 
s t i l l  see the  dimmer numbered d i a l  below it. He reca l led  
t h a t  f l i c k e r  fusion occurred during accelerat ion some 
time before the  peak l eve l  w a s  reached. A t  higher l eve l s  
of s t r e s s  he f e l t  it more d i f f i c u l t  t o  ' 'raise the  eyes" 
t o  the  cent ra l  l i g h t .  
The PV and CV losses  of t he  subject were confusing. 
5. J M  f e l t  t h a t  t he  cen t r a l  l i g h t  w a s  set too high. 
Comments : 
It seems l ike ly  t h a t  t he  subject never l o s t  CV. 
c en t r a l  l i gh t  would disappear only because it would d r i f t  i n to  the  periphery of 
h i s  vis ion as h i s  eyes lowered t o  the  numbered d i a l .  
of t h e  PV could again be explained by ac tua l  pers is tence of CV. 
admitted that  he could have been looking d i r ec t ly  at  the  per ipheral  l i g h t s  when 
checking whether or not he s t i l l  had per ipheral  vision. 
remained, he would in te rpre t  h i s  perception of the  side l i g h t s  as continued PV. 
His eyes were probably directed too  low t o  observe the  cen t r a l  l i g h t .  
It i s  possible  t h a t  the 
The apparent pers is tence 
The subject 
Thus, i f  h i s  CV 
July 24, 1964 
JM - H2a: 3.1-percent body weight l o s s  
22 
Prerun: 
No comment. 
Subject rode from 1442 t o  1502 hours. 
Debriefing: 
1. The subject  experienced no nausea, but  f e l t  extremely 
t i r e d .  
2. He f e l t  that he worked harder during t h i s  run than  
he did when he w a s  normohydrated. 
he had been previously. 
He was more t i r e d  than 
3. The subject observed that during h i s  f inal  run, when 
he maintained muscular contraction throughout the  r ide ,  
t he  v is ion  losses  were permanent. 
contracted sporadically,  his vis ion would r e tu rn  once or 
twice before f i n a l l y  going out. 
On other runs, when he 
4. 
When he concentrated on ra i s ing  h i s  eyes, he s a w  only the  
white l i g h t ,  and w a s  not troubled by the  appearance of t h e  
dimly illuminated numbered d ia l .  
lose  P V  and CV simultaneously. 
marker button. 
h i s  las t  r i d e ,  he would w a i t  f o r  i t s  second disappearance 
before terminating the  run. He concurred with DD that 
f l i c k e r  fusion 'was more apparent on the  per ipheral  l i g h t s .  
He almost blacked out on h i s  last run while ma5ti-ng the  
re turn  of CV. He w a s  able  t o  not ice  t h e  f l i c k e r  fusion 
of the cen t r a l  l i g h t ,  but  d i d  not f e e l  he could mark t h e  
prec ise  in s t an t  of i t s  occurrence. 
The subject experienced a complete loss of vis ion.  
He f e l t  that he would 
He marked this with the  
When CV came back, which it did on all but 
5. No comment. 
Comments : 
The subject  commented that he w a s  not t i r e d  the evening of t h e  24th. The 
s t r e s s  of hypohydration and centr i fugat ion a f fec ted  him grea t ly .  
ing night he took a s ingle  puff on a cigar,  became dizzy, and f e l l  i n t o  a deep 
sleep. 
The follow- 
The f a c t  t h a t  by s t ra in ing  h i s  eyes upward he could see t h e  c e n t r a l  l i g h t  
with no t rouble  indicated that the  premature l o s s  of CV which he noticed last 
time w a s  probably the r e s u l t  of a displacement of the  f i e l d  of vis ion.  
July 31, 1964 
JM - N3 
Prerun: 
No comment. 
Subject rode from 1352 t o  1408 hours. 
Debriefing : 
. 1. The subject developed a headache after the  t h i r d  
run. He experienced ver t igo when climbing from the  
cab, a sensation which w a s  just as strong, but  no 
stronger'' than it w a s  when he w a s  hypohydrated. 
? ?  
2. The subject f e l t  more t i r e d  after t h i s  day's 
runs than he d id  when he w a s  hypohydrated. 
3. On the  f i r s t  run the  subject noticed t h a t  t he  
calves of h i s  legs  "cramped." 
on t h e  last three runs. 
This w a s  not noticed 
4. The sequence of t he  subjec t ' s  v i sua l  sensations 
w a s  as follows: F i r s t  he noticed f l i c k e r  fusion of 
PV; soon thereaf te r  he l o s t  PV while CV fusion occurred 
simultaneously. There w a s  a short  lapse of t i m e  
between PV l o s s  and CV l o s s .  Jus t  before CV l o s s  the  
"core" turned a red  color .  During t h i s  period inten- 
s ive muscular e f f o r t  would reduce t h e  degree of color 
and delay blackout. He described blackout as "staring 
through the  windshield on a dark night during a severe 
rainstorm. " 
5 .  No comment. 
Comments : 
The subject apparently experienced disequilibrium a t  the  approach of 
blackout. He s ta ted  that he f e l t  close t o  complete unconsciousness; as i f  he 
impending ro ta t iona l  motion affected him during deceleration while he looked 
away from the actual pos i t ion  of t he  l i g h t .  
he w a s  ac tua l ly  s ta r ing  a t  t he  exact pos i t ion  from which the  l i g h t  seemed t o  
disappear at  CV loss .  
were going t o  tu rn  a l l  the  way over and black out." This sensation of I t  
He would look away thinking t h a t  
He noticed t e a r s  i n  h i s  r i g h t  eye even though t h e  air blower w a s  d i rected 
over h i s  l e f t  shoulder. 
CO - N1 
24 
Prerun: 
The subject had an opportunity t o  watch another 
experiment before his own. 
observation he discussed much of the procedure 
and was qui te  at  ease. 
During the  period of 
Subject rode from 1515 t o  1534 hours. 
Debriefing : 
1. In  general, t he  subject noticed fat igue.  He 
experienced no nausea. 
and not confined t o  one area which may have 
experienced grea t  muscular s t ress .  
His fatigue w a s  general 
2. No previous run. 
3. The subject noticed that muscular work could 
postpone blackout. 
l o w  stress levels ,  however, and a t t r i bu ted  his 
somewhat  lower tolerance t o  t i redness  near the 
end of the  runs. 
He would begin s t ra in ing  at  
4. 
t he  cen t r a l  l i g h t .  
def in i te .  
PV loss  and CV loss .  He interpreted the  disappear- 
ance of PV as a gradual one w i t h  no de f in i t e  end 
point.  
The d j e c t  had t o  s t r a in  t o  look upward at 
EIis CV loss w a s  quick and 
He estimated a very short  time between 
5. There w a s  no helmet trouble.  
Comments : 
Constant gripping of the t r i gge r  on the  "deadman" switch t i r e d  the sub- 
j e c t ' s  forearm. 
He w a s  apparently i n  competition with his f r iends  and compared his t o l e r -  
ance t o  t h e i r s .  Also, there  appeared t o  be a general fee l ing  of support and 
friendship between the  last three men - no doubt affect ing the a t t i t u d e  with 
which they approached the  experiments. 
July 22, 1964 
CO - H2c: 3.5-percent body weight loss 
Prerun: 
The subject f e l t  lazy, lacked pep. "Felt l i k e  a 
10-pound weight would be too much . . ." He had 
excessive dryness around the  l i p s ,  complained 
t h a t  h i s  hunger and t h i r s t  went together.  He 
wanted a juicy steak. 
Subject rode from 1420 t o  1442 hours. 
Debriefing : 
1. The subject reported t h a t  he w a s  not as t i r e d  
a f t e r  the  hypohydrated run as he w a s  a f t e r  t he  
preceding normohydrated run.  He s ta ted  t h a t  he 
f e l t  b e t t e r  t h i s  time. 
2. 
run, CO f e l t  t he  pooling of blood i n  h i s  legs  t o  
be more uncomfortable during the  normohydrated 
run than during t h i s  run. Further,  he reported 
t h a t  under extensive G stress he f e l t  t h a t  h i s  ea r s  
were "plugged." 
decrease s l i gh t ly .  
I n  comparison t o  the previous normohydrated 
Between runs t h i s  sensation would 
3. The subject could br ing back CV i f  he waited fo r  
it t o  disappear before intensifying muscular contrac- 
t ion .  
lose CV, then he would resume muscular e f f o r t .  He 
could then lose CV e n t i r e l y  fo r  a short  while (as he 
worked) a f t e r  which it would return.  
l e f t  t he  second time, he released the  deadman 
switch . 
He would w a i t  u n t i l  he w a s  j u s t  beginning t o  
When it had 
4 .  The lo s s  of PV w a s  c lear-cut ,  but CV, as reported 
above, w a s  "gradual." 
i n  general ,  occurred along a continuum with two sharp 
peaks denoting the  losses  of PV and CV, i n  t h a t  order. 
He f e l t  t h a t  t he  lo s s  of vis ion,  
3 .  No comment. 
Comments : 
The subject was very t h i r s t y .  
July 29, 1964 
CO - N 3  
Prerun: 
Subject claimed he w a s  not nervous. He said there  
was "no nervousness left";  he f e l t  no need t o  prepare 
himself. 
26 
L 
- 
Subject rode from 1403 t o  1415 hours. 
Debriefing : 
1. The subject f e l t  that each run af fec ted  him 
ident ica l ly .  
after the  first run, and considered himself ade- 
quately res ted  and prepared f o r  succeeding ones. 
He d i d  not experience severe fatigue 
2. 
hypohydrated experiment than after t h i s  one. 
He f e l t  less t i r e d  a t  the conclusion of the 
3. No comment. 
4. 
these were not t h e  only times. 
PV marker button too  soon on the last  run. 
P V  marks indicated the  f i r s t  time CO l o s t  PV; 
He f e l t  he h i t  the  
5.  No comment. 
Comments : 
Blackout sensations were d i f f e r e n t  during th i s  experiment than they w e r e  
during hypohydration. The subject noticed complete absence of t h e  cen t r a l  
l i g h t  and s a w  a completely black f i e l d .  
t i o n s  of motion on h i s  visual f i e l d .  
There w e r e  no colors and no sensa- 
July 17, 1964 
Prerun : 
Subject appeared calm. 
nor d i d  he appear t o  care i f  he got s ick.  The sub- 
j e c t  w a s  t o l d  t h a t  during hypohydration he w a s  t o  
r e f r a i n  from aspi r in ,  d r u g s ,  and chewing gum. He 
w a s  not worried about the  hypohydration. H i s  b r i e f -  
i n g  mentioned saving energy u n t i l  4 or  5 G. MM t o l d  
M p  that P V  l o s s  w a s  not abrupt f o r  some, bu t  w a s  
de f in i t e  f o r  himself. As ide  from s l i g h t  moisture on 
h i s  hands, t h e  subject showed f e w  signs of nervousness. 
He had no h is tory  of nausea, 
Subject rode from 1342 t o  1400 hours. 
Debriefing : 
1. 
t h e  subject d i d  not f e e l  nervous. He noticed no 
pain.  
Although h i s  heart  r a t e  w a s  high during t h e  run, 
t ing l ing"  sensation i n  his  f e e t  or legs  and f e l t  no 11 
27 
2. No previous experiment. 
3. The subject made the  usual  abdominal and l eg  con- 
t r ac t ions  t o  delay blackout. He said that he noticed 
a "natural  compensation fo r  t he  accelerat ion" i n  t he  
in t e rcos t a l  muscles while accelerat ing.  
4 .  Although he could br ing back P V  by muscle contrac- 
t i ons ,  t he  subject marked the  f i rs t  loss  of P V  only. 
There w a s  no loss  of CV on t h e  t h i r d  run. On the  last  
run, t he  only one on which he f e l t  he might have l o s t  
CV, he f e l t  there  w a s  a very short  i n t e r v a l  between PV 
loss  and the  doubtful CV l o s s .  
5 .  He made no remarks about equipment. 
Comments : 
The subject ' s  g r ip  on the  deadman switch t i r e d  by the  four th  run 
because he d i d  not re lax  h i s  gr ip  between runs. 
accidental  termination of the  four th  run. 
This probably caused h i s  
July 21, 1964 
ME' - H2c: 1.8-percent body weight loss  
Prerun : 
Subject f e l t  " t ight ,"  as i f  h i s  skin were t au t .  
w a s  not very ag i ta ted  or nervous. 
sugar cockta i l  terminating h i s  48-hour hypohydration. 
During the  run he seemed i n  high s p i r i t s .  When asked 
i f  he w a s  too  t i r e d  t o  continue after the  second run, 
he repl ied,  Put another quarter i n .  
He 
He re l i shed  h i s  
11 11 
Subject rode from 1345 t o  1404 hours. 
Debriefing : 
1. Throughout t he  runs t h e  subject re ta ined a d u l l  
headache which had begun i n  t h e  last day of hypohydra- 
t i o n .  He f e l t  blood rushing t o  h i s  buttocks and lower 
legs .  The muscle f lex ing  t o  counter t h i s  e f f e c t  w a s ,  
he f e l t ,  nearly involuntary and automatic. 
2. 
experiment compared with the  last, but  w a s  more a t  
home i n  the  cab. 
He f e l t  he may have worked harder during t h i s  
3. Only on h i s  f i n a l  run w a s  he close t o  blackout. 
H e  described h i s  f i e l d  of vis ion a t  t h i s  point  as a 
28 
l ightning effect  on a backdrop of black. 
notice t h i s  e f fec t  when nonnohydrated. Muscular 
techniques were used, and he could bring back PV 
once it w a s  l o s t .  
He did not 
4. PV loss  w a s  clear-cut on a l l  runs, but concen- 
t r a t i o n  and increased flexing of t he  muscles could 
br ing it back. On the last run he maintained that 
he could s t i l l  see the  side l i gh t s  even after he had 
marked CV loss. 
5 .  No equipment or procedure complaints. 
Comments: 
N e x t  t o  a drink of water, the  f i rs t  thing he wanted w a s  a -urger. 
f e l t  tense,  a fee l ing  which he a t t r ibu ted  t o  hypohydration and not t o  the  
venipunctures. 
He 
July 28, 1964 
MP - N3 
Prerun: 
The subject w a s  anxious about h i s  high hear t  rate 
during the  preceding runs. 
about the e f f ec t s  of h i s  hypohydration (c f .  Comments 
below). 
He w a s  a l s o  conversational 
He w a s  worried about the  runs. 
Subject rode from 1415 t o  1435 hours. 
Debriefing : 
1. The subject f e l t  be t t e r  after t h i s  experiment 
t h n  a f t e r  the f i rs t  two. He w a s  less fatigued. 
2. 
subject found it easier t o  t e l l  when PV los s  occurred. 
k i n g  h i s  preceding hypohydrated experiment, the  
3. 
losing vis ion - before the  appearance of a gold back- 
ground with s i l ve r  stars - he could regain CV. A f t e r  
noticing the gold and s i lver  e f f ec t ,  no amount of 
e f f o r t  could restore  vision. A s  a r e s u l t  of prolong- 
ing the  attempt t o  regain CV on run 3 ,  the  subject 
blacked out completely soon after releasing the  switch 
t o  terminate the run. 
If he began muscular contraction before completely 
4. 
time of PV loss .  
The subject had d i f f i cu l ty  i n  observing the precise  
5 .  No comment. 
Comments : 
After t he  previous experiment (H2) t he  subject looked pa le .  
f e l t  exhausted and h i s  hear t  beat  remained rapid.  
A t  home he 
After the  hypohydration runs, MP a l s o  noted t h a t  t i g h t  socks tended t o  
leave abnormally la rge  and deep impressions on the  skin of h i s  legs .  H i s  skin 
seemed paler  t o  him. 
July 20, 1964 
RP - H2a: 3.8-percent body weight l o s s  
Prerun : 
No comment. 
Subject rode from 1410 t o  1428 hours. 
Debriefing: 
1. The subject ' s  general  react ion w a s  one of fa t igue .  
He f e l t  he would s t r a i n  against  accelerat ion too  ea r ly  
i n  the runs. He experienced a good amount of l eg  pain 
i n  h i s  calves. 
2. Subject f e l t  t i r e d ,  more so than during h i s  N1 
experiment. 
3. The subject thought he could have delayed blackout 
more successfully had he waited longer before beginning 
muscular contractions.  
4 .  
he f e l t  premature i n  signaling the  disappearance of CV. 
Although the  subject experienced c lear  l o s s  of PV, 
5 .  The subject complained again about the  discomfort 
of t h e  sauna bath hypohydration. 
Comments : 
The subject found the  sauna ba th  so  intolerably hot t h a t  between the  15- 
t o  20-minute bath periods he would spend a good deal of time outside.  
July 29, 1964 
RP - N3 
Prerun: No comment. 
b 
Subject rode from 1015 t o  1030 hours. 
Debriefing : 
1. The subject experienced severe l e g  pain, par t icu lar ly  
on the  first run which he terminated because of pain. 
2. The subject f e l t  unusually fatigued which he attrib- 
uted t o  h i s  uncamfortable posit ion.  
previous runs, he waited unt i l  CV disappeared completely 
before terminating. 
I n  comparison with 
3. Constant contraction supplemented by intermit tent ,  
strong flexing of the  legs  was most e f fec t ive  i n  a l l ev i -  
a t ing  leg  pain. 
4. 
l i g h t  as a half-moon. 
moon a "spark e f fec t"  would emerge on a black back- 
ground. PV loss  w a s  l e s s  d i s t inc t .  Concentrating on 
P V  only made the moment of l o s s  less d i s t i n c t  and l e s s  
def in i te .  Flicker fusion of PV w a s  ea s i ly  detected, 
but the  subject d id  not notice any fusion of the CV. 
CV loss  w a s  marked by an appearance of the  cent ra l  
With the vanishing of the half- 
5 .  The subject complained of discomfort brought about 
by h i s  seating posit ion.  
Comments : 
None. 
July 20, 1964 
HV - Ea:  2.3-percent body weight loss  
Prerun : 
The subject retained a dull headache from the  sauna 
bath. 
S&ject rode from 1248 t o  1300 hours. 
Debriefing : 
1. 
but complained of general fa t igue.  
The subject noticed no nausea or muscular pains,  
2. In comparison with his normohydrated runs the  
subject w a s  not nauseated, as he had been previously, 
but he f e l t  he w a s  more t i r e d  afterward. 
3. Physical e f f o r t  w a s  expended t o  delay blackout. 
4. PV loss occurred about t he  same time as CV loss  
except f o r  t he  last run. 
5 .  The subject did not complain about t h e  cen t r i f -  
ugation procedures, but  he would have preferred a 
cooler sauna bath during hypohydration. 
Comments : 
Note that the  subject res ted  between hypohydration and centr i fugat ion t o  
reduce possible heat e f f ec t s .  
There w a s  no interrogat ion a f t e r  Kv's N3 run on July 27. 
DISCUSSION 
The subjects  tended t o  comment on two broad areas:  the  experimental 
procedure and equipment, and the  physiological e f f e c t s  of t he  experimental 
procedures. As a general  rule t h e  subjects  were extremely conscious of w h a t  
they were sensing and how they w e r e  fee l ing .  
readi ly  and were qui te  eager f o r  outside opinion on how well  they had done. 
Individual comments have not been col lected i n  t h i s  section, though comments 
which ap t ly  describe a generally observed phenomenon have been quoted. 
They inspected t h e i r  performance 
Equipment and Procedure 
Helmet.- O f  t h e  14 subjects  interrogated,  4 (HV, DD, JL, and WL) stated 
DD terminated N 1  after only 2 runs because of t he  
After h i s  N3 experiment he w a s  surprised and angry that t h e  "helmet 
t h a t  t he  helmet caused them discomfort, forced them i n t o  awkward posture,  and 
affected t h e i r  tolerance.  
helmet. 
problem" had not been corrected.  
although it may have been only the  e f f e c t  of t he  helmet t h a t  convinced him. 
Results from 5 of the  32 runs were influenced by the  malfunctioning of the  
helmet. 
He said h i s  H2 experiment w a s  h i s  bes t ,  
Deadman switch.- The deadman switch evidently had a counterforce which 
w a s  strong enough t o  t i r e  a subjec t ' s  hand and a r m .  
l o c a l  fatigue i n  the  wrist because they held the  switch closed between each 
N 1  run. MP accident ly  terminated h i s  last  N 1  run because h i s  wrist w a s  too 
t i r e d .  It i s  recommended that naive subjects be instructed t o  r e l ax  t h e i r  
g r ips  between runs. 
DD and CO experienced 
Height of cen t r a l  l igh t . -  Six of the  14 subjects  had d i f f i c u l t y  " l i f t i ng"  
t h e i r  eyes t o  t he  cen t r a l  l i g h t .  Most of these subjects  found it eas i e r  t o  
concentrate on a dimly illuminated d i a l  below the  cen t r a l  l i g h t .  It seems 
possible  that visual stress a t t r i bu ted  so le ly  t o  accelerat ion w a s  compounded 
32 
by the stress due t o  the  apparent height of the cent ra l  l i g h t .  
sensations in h i s  Nl run differed considerably from the standard pat tern.  
Since he w a s  able  t o  see the  d i a l  even after he had signaled the disappearance 
of CV, it i s  probable that he bad d i f f i c u l t y  i n  seeing the  l i g h t  for  some 
reason other than the lack of CV. He mentioned afterward t h a t  it took some 
s t ra in ing  t o  continue Watching the cent ra l  l i gh t .  It seemed t o  him that it 
w a s  necessary t o  l i f t  his eyes t o  the central  l i g h t .  
JM's visua l  
Sauna bath.- All 5 men who hypohydrated i n  the sauna bath thought that 
the temperature was unnecessarily high. 
80° C, it was a good deal  ho t te r  f o r  the first 3 subjects than  f o r  t he  last 2. 
This would have been an important consideration had there  not been a waiting 
period when the heat e f f e c t s  could abate before the  run. 
noticed i n  pa r t i cu la r  by the  first su3ject (HV) who did not ava i l  himself of 
long rest periods between spans i n  t h e  hot roam. 
Although it varied between ' jOo t o  
Such e f f ec t s  were 
Seat position.- RP and J G  camplained t h a t  the posi t ion of the seat 
changed in successive experiments, causing them t o  f e e l  off  balance, e t c .  
Thus, f o r  2 subjects another possible variable besides hypohydration w a s  pres- 
ent.  J G  recommended t h a t  succeeding experiments e i t h e r  employ the same sea t  
shape and pos i t ion  f o r  all subjects or f i t  the  seat t o  the subjects l i k ing  the 
first time, resetting it at the same posi t ion dur ing  successive runs. 
Physiological Effects  
k g  pain.- I n  16 runs, 11 subjects commented on w h a t  appeared t o  be pool- 
ing of blood i n  the  legs  and feet. 
severe pain. 
l eg  pa in  was greatest during the  first rm. 
progressively abated and the  subject would often be unaware of it ori thc t h i r d  
and fourth runs. 
pa t t e rn  since those subjects who did not mention it e i the r  experienced very 
s l i g h t  sensations in t h e  f i rs t  place or  did not spec i f ica l ly  deny that such a 
decrease w a s  experienced. 
Often t h i s  pooling w a s  accompanied by 
For ll of the  16 experknents, the subjects mentioned that t h e  
&%er the  f i r s t  run, leg pain 
The progressive abatement of pain appeared t o  be a general 
The mechanism f o r  this progressive decrease i n  pain i s  obscure. 
the venous constr ic t ion reflex during acceleration described by Leverett,  
Bondurant, and Riley (ref. 11) is  a poss ib i l i ty .  
cons t r ic t ion  of the veins in response t o  3 Gpos i t ive  acceleration required 
from 1 t o  10 seconds, reaching a peak after 10 t o  30 seconds. 
agrees w e l l  with the length of t i m e  the subjects  f e l t  the  most intense l eg  
pain,  even though such pain did not appear u n t i l  nearly maximal  acceleration. 
However, 
They noted that the i n i t i a l  
This span 
Generally, muscular e f f o r t  appeared t o  mitigate the  pain although some 
JB (E) su3jects  noted that the  pain during the f irst  run w a s  very strong. 
could not prevent the onset of 
e f fo r t .  
s ta ted  that they w e r e  conscious of the mitigating e f f ec t s  of muscular 
contraction. 
II sl ight"  pain i n  h i s  f i r s t  run despite muscular 
Seven other subjects (FK - N1, and DD, DL, JL, MM, RP,  and J G  - H2) 
33 
T h a t  muscular e f fo r t  helps prevent pa in  w a s  fur ther  indicated by those 
subjects who underwent passive t i l t i n g  on a tilt t ab le .  
t i l t i n g  caused him more pain than 6 G during the  f i rs t  run on the  centr i fuge 
when muscular e f f o r t  w a s  permitted. 
observed a s igni f icant  (20 percent)  decrement i n  v isua l  tolerance i n  passive 
hypohydrated subjects.  Since our decrements were of s imilar  magnitude 
( r e f .  lo), it seems t h a t  muscular a c t i v i t y  does not appreciably alter t o l e r -  
ance i n  hypohydrated subjects.  However, subjects  claimed t h a t  acute muscular 
exercise would of ten res tore  vis ion once it had been l o s t .  
DD (H2) f e l t  t h a t  
Ta l ia fer ro ,  Wempen, and White ( r e f .  9 )  
Hypohydration appears t o  in tens i fy  l eg  pain.  O f  t he  16 runs i n  which 
pa in  occurred, 10 were H2 runs.  Thus, i n  a l l  but  3 of t he  H2 runs there  i s  
recorded commentary concerning pain.  Only FK and CO complained of "s l igh t"  
leg  pain i n  t h e i r  N1 runs.  DD, MM, and RP experienced ''severe" leg  pain on 
t h e i r  N3  runs, but were a l s o  among the  10 subjects  who experienced l eg  pa in  
during H2. 
runs without mentioning similar or more severe sensations during H2. RD d i d  
not notice leg pain a t  a l l ,  but had no H2 experiment. WL and HV (=a) were 
the  only subjects  who d i d  not mention sensations of pa in  i n  the  legs  during 
any experiment. JB, J G ,  DL, and M P  f e l t  such pa in  only during t h e i r  H2 runs.  
A l l  5 subjects had undergone 48 hours of water deprivation. 
Only one subject (JM) observed s l i g h t  "cramping" during h i s  N 3  
The subjective indicat ion that or thos tas i s  and l eg  pain under Xr, accel-  
e r a t ion  were brought about or i n t ens i f i ed  by hypohydration agreed with the  
r e s u l t s  of Beetham and Buskirk ( r e f .  1 2 ) .  They found that hypohydration aug- 
mented the normal decrease i n  pulse pressure with or thos tas i s .  The r i s e  i n  
d i a s to l i c  blood pressure which occurred on standing w a s  a l s o  grea te r  i n  hypo- 
hydrated subjects.  
more quickly achieved i n  hypohydrated subjects  ( r e f s .  12 and 13) .  
Buskirk a t t r i bu ted  increased cardiovascular embar ras sment under g rav i t  a t  iona l  
load t o  a decreased blood volume, although they d i d  not measure t h e  blood 
volume of t h e i r  subjects.  
Pulse-rate r i s e  with or thos tas i s  w a s  both grea te r  and 
Beetham and 
The observations of Beetham and Buskirk agree wel l  with ce r t a in  other 
Notably, the  average physiological parameters measured during t h i s  study. 
supine pulse r a t e  f o r  our normohydrated subjects  w a s  63 beats  per minute, only 
2 beats per minute below the  average pulse r a t e  f o r  t he  hypohydrated subjects .  
Standing pulse r a t e s  fo r  a l l  normohydrated subjects  averaged 72; however, t he  
€Ea subjects averaged 94 and the  H2c, 88 (ref.  10) .  Similar pulse a l t e r a t i o n s  
during or thos tas i s  i n  subjects with decreased blood volumes were observed by 
Gullbring e t  a l .  ( r e f .  1 4 ) .  
Al terat ions i n  cardiovascular f i t n e s s  were observed i n  as t ronauts  a f t e r  
t he  o r b i t a l  f l i g h t s  of Project Mercury. Some or thos ta t ic  hypotension w a s  
noted i n  a l l  4, although Cooper and Carpenter were the  most hypohydrated. 
Engorgement of the  veins on standing and other ''symptoms" of hypohydration 
were observed. Faintness and ver t igo were pa r t i cu la r ly  evident i n  Cooper. 
The aeromedical reports  of t he  4 o r b i t a l  f l i g h t s  (refs.  1, 2, 3, and 4)  indi-  
cated t h a t  no astronaut exceeded a weight l o s s  grea te r  than about 5 percent of 
t h e  p re f l igh t  weight: Glenn - 3.1  percent (156 g /hr ) ,  Carpenter - 3.9 percent 
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(180 g/hr),  Schirra - 3.1 percent (132 g/hr), and Cooper - 5.3 percent 
(102 g/hr).  
w a s  reported. 
No s ignif icant  subjective or objective decrement i n  p i l o t  function 
Fatigue.- Centrifugation with muscular resistance permitted i s  extremely 
t i r i n g .  
posi t ions,  Smedal, Creer, and Wingrove ( re f .  15) found t h a t  even i n  a r e s t r a i n t  
suit  6 minutes at  6 G w a s  suff ic ient  t o  produce extreme fat igue i n  p i l o t s .  
Except f o r  one blackout, restrained subjects a l l  terminated because of fa t igue.  
In  other work, exploring tolerance t o  acceleration i n  a var ie ty  of 
Statements concerning fat igue were perhaps the most subjective of the 
recorded coments .  
fatigue. Usually the  subjects volunteered r e l a t ive  information which compared 
the  run t o  other previous runs or t o  previous sensations of t i redness .  
standard t e s t  f o r  quantit izing such fat igue w a s  used. General subjective indi-  
cations revealed that the  subjects usually f e l t  "worse" when they were hypo- 
hydrated. Nine subjects s a id  they were t i r e d  dur ing  and a f t e r  t h e i r  IC? run. 
Others looked t i r e d ,  but d i d  not say so. However, of the 9 subjects who 
noticed fa t igue  during t h e i r  H2 run, only 4 (DD, FK, DL, and W) stated that 
the hypohydration run l e f t  them more t i r e d  than normohydration runs. CO and 
DD thought t h a t  €E w a s  t h e i r  "best experiment, 
l e a s t  fatiguing. Helmet and seat  posi t ion troubles sometimes complicated 
statements of preferences. 
required more work" when hypohydrated, but that the  overa l l  l e v e l  of perfor- 
mance w a s  similar, t h a t  is, they had t o  work harder t o  achieve the  same result. 
This shows a separation between r e a l i t y  and subjective indications since the  
hypohydration tolerances were ac tua l ly  14 t o  20 percent of the  normohydration 
tolerances ( r e f .  10) . 
Inquir ies  were made about the  general impressions of 
No 
t? though not necessarily the  
The general opinion w a s  that the r e s i s t i v e  e f f o r t s  
(1 
Opinions on fat igue varied considerably. nu-ee subjects (JL, MP, and FK) 
s ta ted that N3 w a s  t h e i r  bes t  experiment. Three others ( J G ,  IdM, and RPj  indi-  
cated that it w a s  the  most fa t iguing and found them at  t h e i r  lowest tolerance.  
Yet it w a s  apparent t h a t  hypohydrated subjects f e l t  below par during the  
prerun physical t e s t s .  That by increased e f f o r t  they were able,  i n  t h e i r  
opinion, t o  compensate for any physiological decrement i n  tolerance due t o  
hypohydration shows perhaps these things: 
subjects such a decrement w a s  not too great. 
t o  f i g h t  against acceleration. 
b e t t e r  able  t o  do so when they were hypohydrated. 
increased exertion w a s  more l i k e l y  during a hypohydrated run. 
subjects were often more susceptible t o  fa t igue.  Third, it shows t h a t  the  sub- 
j e c t s  were motivated t o  prevent blackout f o r  as long as possible.  
not individuals who would signal CV loss  at the f i r s t  sign of pain; they were 
more l i k e l y  t o  attempt delay of CV loss  t o  the  l i m i t  of t h e i r  capacity. 
the general l eve l  of fatigue seemed t o  influence the  tolerance t o  iGz s t r e s s  
since such tolerance demanded physical e f fo r t .  
t i o n  increased the  l ikelihood of subjective fat igue.  This increased suscepti- 
b i l i t y  w a s  a l so  observed by Greenleaf and Sargent ( r e f .  16) and Lee and Mulder 
( r e f .  17) who found t h a t  hypohydrated subjects appeared t i r e d  and l i s t l e s s ,  
fee l ings  which increased with progressive hypohydrat ion. 
F i r s t ,  that i n  the  opinion of the  
They f e l t  able t o  t o l e r a t e  and 
I n  f ac t ,  they often indicated that they f e l t  
Second, fatigue due t o  
Hypohydrated 
They were 
Thus, 
It w a s  noted that hypohydra- 
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Headache.- Four subjects (FK, M p ,  HV, and JM) mentioned headache during 
The only hypohydrated 
Subjects who had experi-  
or  preceding runs. 
subject who s t a t ed  that he had no headache w a s  JB. 
enced 48-hour hypohydration had only s l i g h t  or d u l l  headaches. Subject HV 
(ma) had a severe headache immediately a f t e r  leaving the  sauna ba th  and a 
d u l l  one by the  time he began h i s  run. 
headaches before the run. 
t h i r d  run. 
Three of them were hypohydrated. 
The three  hypohydrated subjects  had 
Subject JM (N3)  developed his headache during t h e  
Nausea.- Five subjects  complained of nausea i n  6 experiments. O n l y  JB 
( N 3 )  f e l t  nauseated a f t e r  t he  experiment. 
FK - N3; and DD - H2) f e l t  progressively l e s s  nauseated as the  experiments 
continued. 
They f e l t  they worked out the  tension during the  first run, leaving themselves 
relaxed and no longer nauseated f o r  t h e  next th ree  runs. 
The others  (JL and JM - Nl; DD and 
It J L  and DD c red i t  t h i s  abatement t o  a lessening of "nervousness. 
Disorientation.- A t  the  end of the  runs 3 subjects  (RD and JM - Nl; J G  
and JM - N 3 )  f e l t  disoriented. 
were on t h e i r  backs looking up and J G  f e l t  as though he were tumbling. 
RD sensed impending tumbling during t h e i r  runs. 
t i o n  occurred with normohydrated subjects .  JM did not f e e l  disor iented when 
hypohydrated, but  mentioned such fee l ings  on both normohydrated experiments. 
Sensations varied.  JM and RD f e l t  as if  they 
J M  and 
A l l  sensations of disor ienta-  
Vertigo on ex i t . -  Four subjects (RD, DD, JL, and MM) experienced ver t igo  
Dizziness w a s  of ten strong enough t o  warrant when they climbed from the cab. 
some physical support of t he  subject as he walked t o  t h e  medical room. Two of 
t he  subjects (DD and JL) experienced ver t igo  on e x i t  only when they were hypo- 
hydrated. 
runs, but  had no other runs. 
JM noticed ver t igo during both H2 and N3; RD noticed it i n  h i s  Nl 
Tears.- Two subjects (FK and JM) noted tear ing  during t h e i r  centrifuga- 
t i o n .  
due t o  the blowers. 
directed away from h i s  eyes. 
been caused by the  wind. 
experiments, but d id  not mention it a f t e r  H2. 
cause f o r  the phenomenon. 
A t  f i r s t  it was hypothesized that t ea r ing  resu l ted  from air  pressure 
However, JM ( N 3 )  observed t e a r s  when the  blower w a s  
The cab w a s  closed so the  tear ing  could not have 
FK experienced t ea r ing  during both normohydrated 
The subjects  volunteered no 
Flicker fusion.- The per ipheral  and cen t r a l  l i g h t s  f l i ckered  cons is ten t ly  
Previous work ( r e f .  18) 
on a constant frequency throughout the  runs. 
the  f l icker ing  of both l i g h t s  before beginning a run. 
indicated that frequency of f l i c k e r  fusion f o r  a cen t r a l  l i g h t  w a s  a l t e r e d  
very l i t t l e  up t o  4.8 G. 
times and t h a t  of the per ipheral  l i g h t s  only 6, DD and MM f e l t  that fusion of 
PV was eas i e s t  t o  detect .  
event w a s  simultaneous with PV loss .  
although DD and JB f e l t  that t h e i r  impressions of fusion were d i s t i n c t  enough 
t o  mark. On the  N3 runs MM found that the  poin t  of f l i c k e r  fus ion  w a s  vague. 
Other subjects a l s o  noticed that between runs f l i c k e r  fusion would vary i n  
discreteness  and sharpness. I f  f l i c k e r  fusion w a s  mentioned i n  the  subjec t ' s  
b r ie f ing  before the  run, he would generally look f o r  it during t h e  run. 
A l l  the subjects  could de tec t  
Although fusion of t he  cen t r a l  l i g h t  w a s  noticed 9 
Those who noticed when CV fused thought that the  
Only MM attempted t o  mark f l i c k e r  fusion 
Inquir ies  made af terward suggested that f l icker  fusion w a s  a general phenome- 
non. 
during t h e  interview that it had occurred. 
Subjects who were not looking fo r  it during the run would often r e c a l l  
General visual sensations.- The general pa t te rn  f o r  the progressive loss 
of vis ion w i t h  increased s t r e s s  w a s  as follows: the f i rs t  v i s u a l  a l t e r a t i o n  
noticed by the  subjects wgk usually the f l icker  fusion of PV. This generally 
rawing of their f i e l d  of vision, often followed by a color change of the cen- 
tral l i g h t .  The subjec r s reported they were no longer conscious of a halo occurred at about 3 G. 
around the  cen t r a l  light, but that the l i g h t  appeared as a w h i t e  or orange 
core. 
neously with the  loss  of PV. 
l i g h t  with no fr inge.  The span 
between the  loss of PV and the  loss  of CV varied. Some subjects thought that 
the  two events were so close together they obscured one another. Others f e l t  
that the  cen t r a l  core remained f o r  as long as  a minute after the  loss  of PV. 
The length of the in t e rva l  appeared t o  depend, t o  some extent,  on the kind of 
muscular contraction used t o  delay blackout. 
returned once it had been marked as l o s t .  With more muscular e f f o r t  CV a l s o  
would return.  
e f f o r t  they could lose and regain CV a t  w i l l .  
s t a ted  they developed a sense of how close they were t o  losing CV and could 
e q e n d  j u s t  enough muscular e f f o r t  t o  stay ahead of blackout. 
en t ly  could or did not do t h i s ,  and w o u l d  contract  maximally early i n  the  runs. 
Loss of vis ion i n  these cases w a s  not susceptible t o  res tora t ion  through mus- 
cular e f f o r t .  
state. 
loss  of PV occurred next. SGbjects noticed a nar- 
When it w a s  noticed, f l i c k e r  fusion of CV occurred p rac t i ca l ly  simulta- 
The cen t r a l  l i gh t  became a steady source of 
The loss  of CV w a s  the next event t o  occur. 
Eight subjects mentioned that PV 
Four subjects i n  5 experiments reported that by acute muscular 
CO (N3) and other subjects 
Others appar- 
F'urther, these subjects would end a run i n  an extremely t i r e d  
V i s u a l  sensations var ied .  Blackout pat terns  w e r e  described by 10 sub- 
j e c t s  (JB, DD, JG,  FK, WL, MM, J M ,  COY MP, and R P ) .  They varied from black o r  
gray homogenous f i e l d s  t o  w i l d  bouncing l i g h t s  of many colors.  Often subjects 
described l ightning-like flashes on a black background. There w a s  no apparent 
r e l a t ion  between the degree of hydration and the kind of blackout sensation 
described. 
RECAPITUIATION 
The impressions of t he  subjects indicated t h a t  a m b e r  of important var- 
Others, such as helmet cramping and var ia t ion i n  seat posi- 
i ab les  influenced t h e i r  tolerance t o  +G, acceleration. Hypohydration was 
only one of them. 
t i on ,  could be eas i ly  modified i n  future experiments. 
appeared t o  be inherent i n  the  procedure. 
formed which w i l l  delay blackout, the overall  fa t igue of t he  subject w a s  an 
important consideration - especial ly  i n  an experiment which measured tolerance 
i n  terms of time as w e l l  as the  degree of s t r e s s  res i s ted .  
t i o n  cer ta in ly  influenced the  subjects '  sensations of fatigue, there  were many 
other possible influences which were not adequately controlled.  The subjects 
w e r e  advised t o  sleep w e l l  the  night before t h e i r  H2 run, but this proved d i f -  
f i c u l t  f o r  those undergoing chronic hypohydration. Sometimes such subjects 
S t i l l  other var iables  
Since muscular work can be per- 
Although hypohydra- 
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were unable t o  sleep a t  a l l .  This influence of hypohydration on sleep has 
been observed by King (ref.  19)  under much grea te r  degrees of hypohydration. 
Atti tude,  nervousness, and competitive fee l ings  apparently a f fec ted  the  
measurement of tolerance by influencing the  degree of muscular force exerted 
by the  subject.  
though he had suf f ic ien t  reserve s t rength t o  counter t he  detrimental  e f f e c t s  
of hypohydration. 
take it easy. 
enced a letdown of t h e i r  N 3  experiment. 
about the d i f f i c u l t y  i n  sensing emotional buildup p r i o r  t o  the  run. 
described as the  charac te r i s t ic  emotional state a t  t he  completion of t h e  t h i r d  
experiment. Several f e l t  that it w a s  t h e i r  least  impressive showing. Although 
the  policy of using a th l e t e s  and other highly motivated individuals  as sub- 
j e c t s  probably tended t o  prevent premature termination and half -hearted 
e f f o r t s ,  some allowance must be made f o r  a var ia t ion  i n  such intangibles  as 
motivation and da i ly  a t t i t u d e .  Furthermore, it happened frequently that the  
subjec t ' s  sensation of decreased performance or  increased tolerance w a s  i n  
d i r e c t  contrast  t o  the ac tua l  change as recorded object ively.  
A lazy subject might consis tent ly  display low tolerance even 
O r  a highly motivated subject might decide t o  r e l ax  and t o  
The letdown w a s  t yp i f i ed  by remarks 
This re laxat ion w a s  observed i n  several  subjects  who experi- 
No 
release of tension and a decreased sense of accomplishment were of ten \ 
Learning w a s  a l s o  important. Some subjects  mentioned t h a t  consis tent  con- 
t r a c t i o n  and peak muscular work during an e n t i r e  run increase fa t igue  and led  
t o  l o s s  of vis ion which could not be regained by addi t ional  muscular contrac- 
t i on .  
a t  w i l l  by exert ing the  appropriate degree of muscular e f f o r t .  
t h e  subjects increased t h e i r  control  over t he  marking of v i sua l  end poin ts .  
The importance of adequate br ie f ing  and of having selected subjects with the  
same degree of motivation increased as the  subjects  gained more voluntary con- 
t r o l  over end points  and tolerance indicat ions.  Ebnpirical uniformity became 
more d i f f i c u l t  t o  achieve. 
Familiarized subjects reported t h a t  they could res tore  PV and CV almost 
With learning, 
Further var ia t ion  entered in to  the  experiment on July 22 when the  proce- 
dure w a s  a l te red .  Since several  subjects could sus ta in  an e n t i r e  run t o  6 G 
without CV loss ,  it w a s  decided t o  maintain the  6-G stress u n t i l  the  subject 
terminated the  run. 
ing t h e i r  fa t igue.  During the  f i r s t  run the  subjects  would s t r a i n  t o  t h e i r  
l i m i t s ,  becoming exhausted before the  f ina l  run. 
This pol icy a l t e r ed  the  responses of subjects  by increas- 
The existence of such sources of var ia t ion  as d i f f e r e n t i a l  muscular 
e f f o r t ,  fa t igue,  a t t i t u d e ,  and motivation br ings one t o  question the  r e l i a b i l -  
i t y  of visual  end points  as a measure of tolerance t o  +G, accelerat ion.  Too 
much voluntary control  ex i s t s .  With many input var iables  po ten t i a l ly  a f f ec t -  
ing the  time of PV and CV loss it would seem impossible t o  assign a var ia t ion  
i n  tolerance t o  any one of them. Hypohydration may have depressed tolerance.  
The mechanism of i t s  ac t ion  on tolerance,  however, includes many secondary 
e f fec ts .  Hypohydration appeared t o  modify a subjec t ' s  w i l l  t o  work and t o  
a l t e r  h i s  "outlook . ' I  
e f f e c t s  were m i l d  enough that other events, f o r  example, the  absence of helmet 
t rouble ,  often completely reversed the  subjective opinion of t he  H2 runs - 
perhaps by acting on t h e  same secondary input as hypohydration, f o r  example, 
t h e  w i l l  t o  work. Although hypohydration 
It increased i r r i t a b i l i t y  and impatience. Y e t  i t s  
(DD's i s  a good case i n  point . )  
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would generally produce a feel ing of l i s t lessness ,  even a minor change i n  the 
comfort of t he  subject was sometimes more t h a n  enough t o  compensate. The 
e f f ec t  of hypohydration on tolerance t o  acceleration appeared t o  be a compos- 
i te  of i t s  e f f e c t s  on whatever other psychological and physiological param- 
e t e r s  were involved with resis tance t o  that s t ress .  In  t h i s  experiment these 
secondary parameters were probably influenced by hypohydration and by other 
variables.  Any decrement i n  tolerance due t o  hypohydration w a s  often, i n  the  
opinions of the subjects,  compensated by increased e f f o r t ,  learning, and a 
reduction i n  nervousness- 
Considering the  importance of learning and a t t i t ude ,  more control  would 
be gained if  the  information given t o  each subject before his run were ident i -  
ca l .  Seasoned subjects , well  acquainted with the  experimental protocol, 
should be used. 
ing should be devised and adopted, and it should explore impressions on 
fat igue,  l eg  pain,  f l i c k e r  fusion, and blackout. 
During the postrun interviews a complete and standard debrief- 
Fatigue and suscept ib i l i ty  t o  cardiovascular embarrassment a re  of concern 
t o  the  astronaut a s  long as excessive acceleration remains during l i f t  off and 
reentry.  
space mission, the  r e s u l t s  of t h i s  preliminary study indicate  a need t o  
explore fu r the r  the  cardiovascular implications such water d e f i c i t s  might have 
upon reentry i n t o  a gravi ta t iona l  f i e l d .  
t o  which the  bodily systems are impaired by quant i ta t ive leve ls  of hypohydra- 
t i on .  Further , since hypohydrated subjects appeared more susceptible t o  ner- 
vousness and i r e  due, i n  p a r t ,  t o  the heat and hunger, adequate hydration 
during extended space f l i g h t s  might help promote c q a t i b i l i t y .  Longer space 
voyages a re  needed t o  determine if voluntary hypohydration i s  influenced by 
extended weightlessness. It i s  l ike ly ,  on the bas i s  of the  above subjective 
opinions, that an astronaut would be able 30 compensate f o r  decrements i n  
function, provided h i s  l e v e l  of hypohydration d i d  not exceed 2-percent. body 
weight loss .  
If voluntary hypohydration remains a consequence of an extended 
It i s  e s sen t i a l  t o  know the  degree 
CONCLUSIONS 
The following conclusions appear j u s t i f i ed  on the  basis of the  subjects’ 
opinions : 
1. Moderate hypohydration, both chronic and acute,  is  associated w i t h  
decrements i n  tolerance t o  +G, acceleration. By appropriate physical  e f f o r t s  
such decrements can be compensated f o r  w i t h  hypohydration leve ls  less than 
5-percent body weight loss .  
2. The decreased tolerance i s  traceable, i n  p a r t ,  t o  increased fat igue 
brought about by the  water d e f i c i t .  
3. k g  pain and cardiovascular embarrassment during acceleration i s  
increased with hypohydration. 
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4. The progressive lessening of t he  leg  pain with each succeeding run i s  
p a r t i a l l y  a t t r i bu tab le  t o  muscular e f f o r t .  Further, acute muscular e f f o r t  can 
increase v isua l  tolerance t o  accelerat ion i n  experienced subjects  . 
5. Subjective impressions of changes i n  tolerance only infrequently 
correspond t o  ac tua l  performance records. 
Ames Research Center 
National Aeronautics and Space Administration 
Moffett Field,  Calif.,  Mar. 28, 1966 
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